ABSTRACT: Climate data from the southwest coast of the Caspian Sea (CS) were statistically analysed to find connections with large-scale atmospheric variabilities and regional impacts. The study area is characterized by a subtropical humid climate. This enclave of high precipitation is extremely important for Iranian food production and is recognized for its high biodiversity.
Introduction
Long-term observational data are essential for detecting and understanding climate change at local, regional and global scales. Predictions of climate change due to human-induced increases in greenhouse gases and aerosol concentrations are an ongoing discussion (IPCC, 2013) . In recent years, the integration of observational data and modelled data via assimilation techniques has yielded a new generation of data sets for advanced research (Feng et al., 2004) .
Information about temporal and spatial variabilities in temperature and precipitation time series is extremely important not only from the scientific point of view but also for future mitigation plans. Moreover, meteorological and oceanographic studies require accurate temporal and spatial temperature and precipitation inputs in analysing climate change impacts and adaptation and in validating climate simulations. The detection of abrupt or gradual changes in temperature and precipitation records has recently become of increasing interest in the scientific community (Kundzewicz, 2004; Kundzewicz and Robson, 2004) .
In order to be able to derive significant conclusions about such changes, long time series of climate data are needed. However, continuous accurate long-term time series are difficult to obtain, as modifications to instrumentation and small site changes can have profound effects on climate data (De Jongh et al., 2006) . Points of discontinuities in time series, which can result from, for example, changes in observation locations, equipment, measurement techniques and environmental changes, need to be detected.
The geographical focus for this study is the SW coast of the Caspian Sea (hereafter CS), in the Guilan Province of Iran. The SW coastal area of the CS with up to 1850 mm annual precipitation has an obviously different climate from the rest of Iran, with an average of 250 mm precipitation per year. Moreover, the region of interest has one of the highest precipitation levels of SW Asia. This region, due to its mild subtropical humid climate, has a prosperous agricultural yield and is one of the centres of food production of Iran (Kosarev et al., 1994; Kosarev, 2005) . In addition, it has considerable biodiversity (Akhani et al., 2010) . It also served as refuge for plants and animals during the Last Glacial Maximum (Leroy and Roiron, 1996; Arpe et al., 2011) . Hence it is essential to understand how its climate is changing as part of current global changes, in order to prepare adequate mitigation measures. It is of greatest importance to know in advance the likely climatological developments in this sensitive area. A first step for this is the investigation of past climate to validate climate simulation models, which here are complicated by the complex orography. This area is also much affected by CS level (hereafter CSL) oscillations that have been shown to be linked to the climate-related variations in the basin and to have a relationship with El Niño Southern Oscillations (ENSO) (e.g. Arpe et al., 2000; Nazemosadat and Cordery, 2000; Nazemosadat and Ghasemi, 2004; Arpe and Leroy, 2007) .
Some investigations in the field of climate studies, such as those of Wu et al. (2001) , for detecting drought and wet periods at different time scales use monthly precipitation totals. Wu et al. (2001) compared the advantages and disadvantages of the application of several statistical indices. The latter study showed that the Z-index is a good tool to define, detect and monitor droughts and floods. Kutiel et al. (1996) identified and compared dry and wet years, seasons and sequences at four eastern Mediterranean stations using circulation types. They calculated correlations between precipitation and zonal and meridional indices for understanding large-scale impacts on the area.
Scientists have also tried to find connections between local climate and large-scale phenomena. A circulation anomaly over Europe was already well known before reliable numerical weather forecasts and meteorologists in Germany called it 'omega with cold feet'. It was named after the (Ω) contour shape of the 500 hPa height field, which is accompanied by cold air outbreaks with precipitation over the western and eastern Mediterranean. Such a pattern enabled more reliable weather forecasts because of its long persistence. Other names are 'Omega-situation' or, more generally 'blocking' (Elliott and Smith, 1948) and nowadays it is associated with 'modes' and 'patterns'. Ghasemi and Khalili (2008a) showed in their figure 5b the anomalous 500 hPa height fields during wet winters in Iran, which correspond to the Omega pattern over Europe. While the western branch of this anomaly is partly represented by the North Atlantic Oscillation (NAO), Kutiel and Benaroch (2002) and investigated its eastern branch and found a 'North Sea-Caspian Pattern -NCP' which shows, not surprisingly, a high correlation with temperature and precipitation anomalies over the Middle East. However, their investigation is limited to the west of our target area, with indications that its impact may be weak over Iran. However, a clear connection was found for winter temperatures for Iran by Brunetti and Kutiel (2011) . Ghasemi and Khalili (2008a) found the best linkage between the Black Sea mean sea level pressure (MSLP) and the dominant precipitation variability along the CS coast (PC4 -our target area), expressed by correlation coefficients varying from 0.43 to 0.57.
The goal of this study is to investigate the climate data SW of the CS for inconsistencies, trends and connections with large-scale variabilities. The outline of this paper is as follows. In Section 2, we discuss our data and characteristics of the study area. In Section 3, we briefly discuss and analyse the 2 m temperature (T2m) and precipitation data, separating evidence of real climate change from observational errors. In Section 4, we discuss our findings for the southwest CS region in relation to large-scale climatic phenomena such as ENSO, the NAO and NCP. In Section 5, we report brief conclusions.
General characteristics of the study area and data
Guilan Province is situated in the north of Iran. It has a surface area of 14 711 km 2 , and is located between 36 ∘ 36 ′ 12 ′′ and 38 ∘ 27 ′ 10 ′′ N latitude and from 48 ∘ 43 ′ 18 ′′ to 50 ∘ 34 ′ 11 ′′ E longitude (Figure 1(a) ). We confined our study area to the southwest of the CS and to five synoptic stations: Astara, Anzali, Rasht and Lahijan in Guilan Province and Ramsar at its border with Mazandaran Province. These stations are on or near the coast of the CS and are assumed to represent the general state of the southwestern CS. The maximum distance between the five stations is that between Astara and Ramsar, i.e. 310 km.
Introduction to the study area
The CS is the largest inland body of water on Earth, has a surface area of 360 000 km 2 and a basin of 3.5 million km 2 . Due to its vast area, the lake is referred to as 'Sea' in the literature. The CS has about a third of the average salinity of seawater, so it is not actually the largest freshwater lake. The CS is fed by 130 rivers, the most significant being the Volga, which enters from the north and accounts for about 80% of the inflowing waters. In spite of the inflow of freshwater, the lake remains salty, especially towards its southern end. The CS has no outlets, and in consequence loses water only through evaporation, a process that compensates for the dilution of its salinity by the rivers. Today the CSL is around 26.5 m below mean sea level. Owing to its land-locked nature, the CSL has fluctuated repeatedly during its geological lifetime, including during the last centuries (Naderi Beni et al., 2013) . The Iranian coastline in the south CS, stretching over 800 km, contains approximately 18% of the whole Caspian coastline. The Guilan Province is composed of lowlands, adjacent to the CS, and the western parts of the Alborz Mountains.
General climate characteristics of the study site
The ecoregional climate of our study area is humid subtropical. The northern CS lies in a moderately continental climate zone, while the middle (and most of the southern) CS lie in the warm and dry continental belt. The CS climate is mainly influenced by its geographical position, the prevailing regional atmospheric circulation and the steep orography near some of its coasts. The southern CS is located at low latitudes, so it receives a significant amount of solar radiation. The climate of the study area is influenced by the Alborz Mountains in the south, the Caucasus Mountains in the west and deserts and steppes in the east and north. The main air masses that determine weather conditions over the sea are cold Arctic masses, humid temperate air masses from the Atlantic Ocean, dry and cold winds from the Siberian anticyclone crossing Kazakhstan and subtropical warm air masses from the Mediterranean and Iran in decreasing order of importance (Baidin and Kosarev, 1986; Martin-Vide and Lopez-Bustins, 2006) . Over the Caspian area, July to August average temperatures vary between 24 and 26 ∘ C, with a maximum of 44 ∘ C on the sun-baked eastern shore. Monthly average temperatures during winter range from −10 ∘ C in the north to 10 ∘ C in the south (Rafferty, 2011) .
The total precipitation along the coast of Iran varies between 1850 mm for Anzali ( Figure 1(b) ; Table 1) in the west and <200 mm in the east. A comparison with the average annual precipitation of Iran (250 mm year −1 ) highlights the very special climate of our study area: the rainiest part of the country. The CS itself lies in an area of generally low precipitation ( Fig. 1(b) ); only the mountain ranges of the Caucasus and Alborz show deviations from it. Very high precipitation levels are found along the SW coast of the CS. The highest precipitation (Figure 2 ) occurs in autumn, followed by winter and spring. Leroy et al. (2011) showed that, for the southern CS area, the wind blows in autumn mostly from the N to NE and then is forced up the mountain barrier along the coast. At the same time, the wind above the mountains (700 hPa and above) blows from the west and descends down the mountains towards the CS. The updraft from the north-easterly surface winds does not occur exactly at the slope of the mountains but at some distance towards the sea because of the downdraft. Therefore, the highest precipitation occurs at the Anzali station (on the coast) and not at Rasht or Lahijan, which are closer to the mountains (Figure 2) .
The variety of wind conditions on the CS is due to its latitudinal extension, different orographic characteristics around the sea and different weather systems converging on this area. The mean wind speed is lowest in the southern part of the CS (2.5-3 m s −1 ), stronger in the central area (4-5 m s −1 ) and on the eastern coast (3.5-4 m s −1 ). Seasonal means of wind speed across the year (Figures 3 and  4) vary due to the various atmospheric processes on the CS, the different thermal regimes of the sea and the land, and the distribution of mountains. The wind roses in Figures 3  and 4 are based on the maximum length of available data for each station; the differences between the stations in the figures are not dependent on the averaging periods. Anzali lies right at the corner between the two mountain ranges where northerly as well as easterly winds create an updraft; while at Astara only easterly winds will cause an updraft, which might explain why the highest precipitation amounts occur in Anzali. The prevailing westerly winds at higher levels (700 hPa or higher) descend down the mountains and confront the north-easterlies at the surface over the CS. From Figures 3 and 4 , it seems that the downward descending winds reach Astara and Anzali more often in winter than in summer and that Anzali is more protected in the south by the Alborz Mountains and therefore has less frequent southerly winds. In brief, Guilan Province has the highest precipitation for the whole of the CS perimeter, and also for the whole of Iran. At the scale of SW Asia, it is exceeded only on the eastern coast of the Black Sea (Figure 1(b) ).
Data and methods
The data for this study were obtained from the Mete- The relationships of climate data of the CS to each other and parameters such as NAO, ENSO, NCP and sea surface temperature (SST) are investigated. The CDO (2014) package and SPSS software were used for the analysis. Other statistical methods, such as Pearson and Spearman and Z-index, were also used.
Some general and climatic characteristics for the five stations are given in Table 1 for the longest available period within 1956-2010.
Results

2 m temperatures
Climatological data (annual means) for the SW corner of the CS are available from two sources: (a) IRAN A (2014) and (b) IRAN B (2007) . They contain the synoptic or climate stations of Anzali, Rasht, Lahijan, Ramsar and Astara, among others. The data of (a) have fewer missing values than those of (b), are more recently issued (assuming that possible errors found in the data have been evicted) and are therefore more suitable for further investigations. Figure 6 (a) shows time series of the five stations. In Figure 6 (b), the differences between Rasht or Lahijan and the means of Anzali and Ramsar are considerable, i.e. up to 2 ∘ C in 1970 -1972 for Rasht and in 1963 /1965 , 1974 , 1979 and 1990 for Lahijan. Such large differences are unlikely for stations so near to each other. When comparing the data for the same station from the two sources with the means of Anzali and Ramsar in Figure 6 (b), much smaller differences are found in the older probably more original data set for Rasht and (except in 1990) also for Lahijan. For Lahijan, the data set (b) has too many gaps to be useful.
The variability in all stations should be very similar because of their close proximity. Astara is further away and has only a short time period of data and therefore we use it only occasionally for comparison.
Lahijan lies on slightly higher ground, very near to the Alborz Mountains (Table 1) , and turned out to have a different variability from that of the other stations, which may not be real. Therefore, for the most part, we will omit this station in the following investigation. The time series of Anzali and Ramsar vary very similarly but with mostly lower values (0.5 ∘ C) for Ramsar, except for the period up to 1960 when we find higher values for Ramsar. The drop of T2m at Anzali from 1958 to 1960 was much smaller than that at all other stations ( Figure 6 (a)).
The differences between the two data series for Rasht are investigated in Figure 6 (b). The data series (b) has values above those of all other stations until 1975, after that it fits well with the others until 1995, and especially well with Ramsar but stays below them after that. The data set (a) for Rasht shows a trend opposite to (b). After extremely low temperatures in 1969 in all stations ( Figure 6 (a)), they all regain the normal value very quickly except for Rasht (data set (a)). T2m stays very low in the Rasht data set (a) for three more years with differences from Ramsar of more than 1 ∘ C, which is unlikely. Assuming that the older data set (b) is the more original one, we postulate that the bias in this data set has been recognized and corrected for data set (a) but not perfectly, thus creating problems for 1971 to 1973. From 1975 onwards, the series (a) fits well with the other stations and we prefer this series; but we are obviously hesitant to use it before 1975 for any trend analysis.
The next investigation concentrates on the temperature at Anzali and Ramsar. At both stations, a steep increase in the temperatures (highlighted by auxiliary lines in Figure 7 ) occurs around 1995, 0.7 ∘ C at Anzali and 1.2 ∘ C at Ramsar, using the auxiliary lines that suggest the mean values for three periods and disregarding the short drop from 1992 to 1994. In 1995, the CSL changed its direction from a steep rise to a moderate decline, which had been associated with Arpe et al. (2000) with a change in the ENSO signature. Further possible connections with ENSO are discussed below. In addition, a drop of T2m is observed around the year 1969 in all stations (Figure 6 (a)) by about 2 ∘ C. Also Table 3 singles out this year as having extremely low temperature values. But at Anzali as well as at Ramsar and Lahijan (but not for Rasht), the previous level is regained for the following years, settling at a level 0.5 ∘ C below the long-term mean before 1969. In Figure 7 , which shows only two stations, the auxiliary lines visualise a drop of T2m in 1972 while in Figure 6 (a) with all stations, the drop is more difficult to time. The year of increase (1995) is the same for all stations, while the year of drop differs slightly between the stations (1972) (1973) (1974) (1975) (1976) (1977) .
The trends calculated by a least-square deviation method (CDO, 2014) are provided in Table 2 . Astara is not included as it has too short a time series. All stations show an increase of T2m, with the strongest for Rasht. But it has been shown above that the Rasht data are doubtful before 1975 and therefore this trend value may be too large, especially as the data set (b) has values up to 1 ∘ C higher than data set (a) in the 1960s and values more than 0.5 ∘ C lower from 1982 onward (Figure 6(b) ), which cancels the trend shown in Table 2 . The T2m values for Lahijan station were shown above to have unrealistic spikes and large differences from the older data set (b), especially in the early 1960s when the differences to Anzali and Ramsar are very large, and therefore its trend is doubtful. The increase of T2m is around 0.9 ∘ C in 55 years when taking only the reliable stations Anzali and Rasht into account. Also Figures 5 and 6(a) clearly show higher values for all stations during the last decade, though not a steady increase. This increase has to be compared with the smaller global mean T2m increase of 0.8 ∘ C during the last 55 years (Hansen et al., 2010; HANSEN DATA, 2014) . So also in this respect, the chosen area is distinctive compared to the rest of the world.
Therefore, it is proven that most of the considered series are normal for all stations. The minimum and maximum temperatures are calculated by finding the minimal and maximal temperatures for each month that are then averaged for the year. The range between them represents in some way the variance of the temperature. According to (Hansen et al., 2010) and the precipitation in the GPCC (2013) at a grid point for Anzali are given for comparison. Units: change during 55 years, for Lahijan this means some extrapolation. *Significant at the 0.05 level. **Significant at the 0.01 level. Table 2 , minimum temperature series have a significant upward trend for all stations, larger than that of the mean temperature, while the trend of the maximum temperature series have a statistically significant downward trend, but only for Anzali, while for the other stations the maximum temperatures rise or fall. Again one has to use the values of Rasht and Lahijan with care or not at all. It has often been said that with increasing greenhouse gases the extremes will increase, but this statistic does not support this view as both the minimum and maximum temperatures move towards the mean, i.e. the temperatures become less extreme. This does not fit with personal experience in which recent years seemed to have had extremely low temperatures with catastrophic snow events and with old trees dying because of sub-zero temperatures.
Temperature extremes
The definition of hot/cold years is made by means of Z-indices that are the normalized time series. A year or a season is defined as extremely hot when Z >1.9 and as extremely cold when Z <−1.9. We have chosen these limits as a compromise in order to have a suitable number of cases. Other scientists have used other values (Wu et al., 2001) . Hot/cold sequences at each station are identified and their timings are compared for Anzali, Ramsar, Rasht, Lahijan and Astara in Table 3 . Years of extreme events vary considerably for the different stations. Only 2010 is shown to have been extremely hot at all stations. In the same year, European Russia had an extremely hot and dry summer (Arpe et al., 2012) . Such large-scale relationships will be discussed below. The year 1969 was extremely cold at all stations, but for Rasht and Lahijan these values were exceeded in 1972 and 1974, respectively; however, both were pointed out to be suspicious. Also the hot temperatures for Lahijan in 1979 are probably not real.
Comparison of time series of station values with ERA interim analyses
For a better interpretation, in this section we compare the time series of T2m for Anzali, Ramsar and Astara (Figure 8 ) as observed (OBS) or in the ECMWF interim reanalyses (ERA) (Dee et al., 2011; for a grid point (reduced Gaussian grid as used by ECMWF) representing the station. In many publications, the reanalysis data are used as true observations and here we want to see if it is justified for our area of interest. The temperatures from ERA had to be adjusted by 0.5 ∘ C for Anzali, 2.3 ∘ C for Ramsar and 0.3 ∘ C for Astara because in the ERA scheme the analysis is made at model levels. Some necessary smoothing of the steep orography in the area for the model creates erroneous elevations at the grid points of 136, 838 and 272 m for Anzali, Ramsar and Astara, respectively. Therefore the observed values have to be interpolated to the model level and after the analysis they have to be extrapolated back to the real 2 m height, which can cause some biases (ECMWF-DOCU, 2014). The adjustments were made to obtain a good agreement between observational and ERA data for the period after 1988, i.e. the period when we have the most confidence in the quality of the data. This results in a bias for the previous years, i.e. 1979-1987, of about 0.5 ∘ C warmer temperatures in the observations than in ERA for Anzali and up to 1.5 ∘ C for Ramsar. We have used the values at the grid covering the station instead of trying to interpolate the value exactly for the station because that would create some smoothing that might in turn create errors in situations like this where the neighbouring grid in one direction is a sea point and in the other direction a point high in the mountains. The SST of the CS in ERA uses only climatological values before 1982 and less accurate estimates before the availability of Special Sensor Microwave Imager (SSMI) (Kouraev et al., 2004) observations in 1988 (Figure 8) . Therefore, the bias of T2m in the ERA data for the earlier period is probably due to this deficiency.
Some increases of temperature are noted but more in the form of a jump around 1995, rather than a steady trend. This is weaker in the station values than in the ERA data. Moreover, the SST over the southern CS shows a similar steep increase around 1995 as at the synoptic stations, but even stronger, i.e. by 0.9 ∘ C compared with 0.8 and 0.7 ∘ C (auxiliary lines in Figure 8 ). In brief, for our area the use of ERA data as true observations cannot be done straight away.
Precipitation
The time series of precipitation from the two data sources agree very well, so we need to investigate only one of them. We chose the IRAN A (2014) data because of its longer and more complete series. One finds a very similar variability at all stations for the annual means, though at different levels, with the highest for Anzali (Figure 9 ). The years of extreme events (Table 4) considerably between the different stations. The year 1971 is the only year with extremely low precipitation amounts at all stations, though for Rasht the year 2010 was even dryer, also a year with very low precipitation amounts at all stations. Two auxiliary lines are added in Figure 9 to help judgement on the occurrence of trends. Only the Anzali station shows a clear downward trend but with more of a step change around 1990 by 200 mm (9%). None of the others agree with such a large drop and we would regard the Anzali time series for precipitation with the suspicion of having had a change in observational method or environmental conditions. However, below, it is shown that this suspicion may not be justified. The trend value of precipitation for Anzali is not very stable, e.g. by eliminating successively the values from 1956 to 1959; the trend is reduced further and further to half of that for the full time series. This does not happen when eliminating the last four values of the time series successively. Table 2 confirms that only Anzali has a strong downward trend with Ramsar second in strength, while Lahijan has a slight upward trend. In Table 2 , the trend for Anzali precipitation is indicated to be statistically significant at the 0.05 level but being so much dependent on using the few values at the beginning of the time series put some doubt on its accuracy. The trends vary for the stations in respect to the relative position between the sea and the mountains. Anzali, next to the sea, has the highest downward trend and Lahijan, next to the mountains, a slight upward trend, and the other two stations fit well into this variation. Ramsar is the most difficult station in this respect, as there the sea is only a very short distance away from the mountains. Raziei et al. (2014a) .16 mm year −1 , which is half the value we arrive at when repeating the calculation with our data. These differences show why in Table 2 the precipitation trends for Rasht (and others) are marked as being less statistically significant. Figure 9 includes the time series of precipitation as analysed by GPCC (Schneider et al., 2011; Becker et al., 2013; GPCC, 2013) for the grid point covering Anzali. GPCC uses the IRAN B (2007) data (Fuchs et al., 2007) . The GPCC values are lower than those at the stations themselves, as the analysis should represent an area average for the grid point provided on a 0.5 ∘ grid and also takes observations further away into account. The grid point of Anzali covers an area with stations that have less precipitation than Anzali itself. The GPCC shows a steady slow downward trend in precipitation, which is not supported by the observed data used here. The precipitation time series of GPCC shows a decrease of about 556 mm in 55 years at a mean value of 1325 mm, i.e. 42%. This decrease is stronger than in any of the station time series given in Table 2 . Using analysis data for trend analysis has some problems because an increase or decrease in available data can cause artificial changes (Bengtsson et al., 2004) . For example in 1993 the data of the station Manjil, only 50 km south of Rasht, became available. It has very low precipitation amounts because it lies in the mountains. It was therefore expected to cause a drop in the analysed precipitation for the grid point covering Rasht and Anzali and indeed the general drop of precipitation in GPCC over the years is slightly enhanced around that year. The impact from the availability of observational station can also be seen in the 1950s. In the years before 1960, the GPCC data for Anzali have clearly higher values than later and variabilities very similar to that of Anzali station itself. In those days, the nearest observational stations for the Anzali grid point were only Anzali itself and stations far away like Tehran, Babolsar and one station between Ardabil and Astara, or either of them. After 1960, the number of available stations increased considerably making for a smoother and more confident analysis but also with lower values because the other stations in or near the grid report lower values than Anzali. That might be the reason for the strongest decrease from the 1950s to 1960s in the GPCC data. Above the drop of precipitation at the Anzali station around 1990 was regarded as suspicious but in Figure 9 (b) also the GPCC data show such a drop. As the GPCC are based on a variety of station values, the suspicion on the Anzali data may be less justified. The downward trend of precipitation can be seen in GPCC and all station observations except for Lahijan. Above, it has been shown that the trends can change considerably with the length of the time series and our longer time series provide more reliable trends than those by Raziei et al. (2014b) and Rahimzadeh et al. (2009) . The downward trend is opposite to the general global trends that are mostly upward in areas of abundant precipitation, like our study area, and downward in areas of little precipitation (e.g. Arpe and Leroy, 2007) though this area lies in the zonal belt of general decline of precipitation.
Precipitation extremes
The definition of extremely rainy or low rain (dry) years is made in the same way as for temperature (Table 4) . Years of extreme events vary considerably for the different stations. The year 2010 was shown above to have been extremely hot at all stations and, for such events, one also expects a low precipitation amount. This is illustrated in Table 4 but not for all stations with extremely low precipitation. The year 1971 is the only year with extremely low precipitation amounts at all stations although for Rasht the value is exceeded in 2010.
Discussion
Connections with large-scale phenomena
It was mentioned above that the very warm year, 2010, of the southwest CS (Table 3 ) coincided with the extremely hot and dry summer of 2010 over European Russia, which suggests a large-scale relationship. Also the snow cover variability over European Russia seems to be connected with the T2m variability in our study area.
Enhanced snow cover (i.e. cooler temperatures) over Russia during March to May (MAM) was found for the period 1978-1995, i.e. the years with lower T2m in the southwest CS, and a reduced snow cover for 1996-2010, i.e. the years with higher T2m in the southwest CS (Figure 10 ). In time series of snow cover over European Russia (Figure 11 ), the drop of snow cover is greatest around 1997-1998 but also shows clearly the drop from the 1990s to 2000s. So the lower T2m values 1984 to 1995 are part of a very large-scale phenomenon.
In Figure 11 , T2m averaged for Anzali and Ramsar is included with a reversed scale to obtain the same tendency as the snow cover for easier comparison. The snow extent 1967-1977, 1978-1995 and 1996-2010 (a to c) . Units: % of area covered by snow [data from Robinson et al. (1993) and SNOW (2014) over European Russia shows a similarity with T2m at the stations along the southwest coast of the CS. The anomaly correlations between T2m and the annual mean snow cover is −0.47, though quite a large part of it comes from the trend (Figure 11) . By removing the impact from the mean trend (by using the anomaly correlation of their tendencies), it drops to 0.10 for the annual mean or 0.26 for the MAM snow cover. In brief, the connection between T2m of the SW coast of the CS and the temperatures over European Russia are not strong but some evidence of it has been shown.
Connections with ENSO, NAO and NCP
The Ocean Nino Index (ONI) derived from NCEP-ENSO (2014) is scaled in such a way that it fits into the plot for the precipitation amounts in Figure 9 (b). High values mean El Niño situations and low values La Niña. On quite a few occasions, the precipitation as well as the ONI values is extreme in the same year. In Table 5 , the correlation coefficients between the anomalies of ONI and the single precipitation time series are shown. To avoid any contributions from possible trends, the correlations are included after calculating the difference between two successive years (tendency), which serves as a high-pass filter. The latter gives higher values, suggesting that there is a connection on shorter time scales and that some trends, not obvious in the figure, might adversely affect the straight correlations. To improve the signal-to-noise ratio, we also averaged the time series of different stations. The straight correlation between precipitation at the stations and ONI is around 0.2 when we disregard Astara because of its short time series. This value is increased to around 0.35 for the tendency correlation and to 0.41 when averaging first the precipitation time series of Anzali, Ramsar and Rasht or to 0.36 when using GPCC data instead. Ghasemi and Khalili (2008b) reached even higher correlation coefficients by using principal components (PC4), which is also a way of increasing the signal-to-noise ratio and they used only winter data. Anzali has been included here, although it was pointed out above as possibly suffering from an inconsistency (i.e. a drop in 1990) that seems not to have a large impact on the correlations and, because of the similarity in the variability with the GPCC data at that time we are less concerned about this drop.
In Table 5 , the correlations with NCP are also included. The latter values are taken from Table 1 of Kutiel and Benaroch (2002) . As mentioned in the introduction, NCP and NAO are strongly impacted by the blocking over Europe. Therefore, the correlation between both is quite high, with 0.40, and it is not surprising that both give similar values in Tables 5 and 6 . As the NCP time series is shorter than that of NAO, we have calculated the correlations with NAO for both time periods to give an impression about the impact on them from the length of the time series, which turns out to be of less importance.
The time series of temperatures (Table 6) do not show an obvious connection with ENSO, such as is found for the time series of precipitation. The ENSO signal is strongest in winter and therefore one can expect a clearer connection when investigating winter temperature data or annual temperature means from July to June the following year. However, such change of season did not increase the correlation coefficients. The correlations to the Rasht and Lahijan time series are included for comparison, although they were identified above as having some problems. The somewhat lower correlations for these stations may be due to these problems. Contrary to the precipitation, ENSO does not seem to be the main forcing for the temperature variability, as the correlations between ONI and T2m are only around −0.2 for the tendency correlation.
Higher precipitation is mostly associated with low surface pressure and Ghasemi and Khalili (2008a) gained higher correlations of 0.43 to 0.57 than those reported here by correlating the Black Sea MSLP and the dominant precipitation variability along the CS coast (PC4). To check also such connections, we investigate teleconnection maps between precipitation time series used above and the mean sea level pressure (MSLP) (ERA40 - Uppala et al., 2005) at each grid point for the period 1958-2001, the maximum available in the ERA40 data. The tendency correlation is applied to reduce the impact from trends in the time series. Indeed, one finds high local correlations of more than 0.5 extending to the Black Sea for the precipitation (Figure 12(a) ). Also a NAO-like signal can be seen with correlations exceeding 0.3. Their extremes are positioned west of the observational points used for calculating the NAO index. When making a teleconnection map between the NAO and the MSLP (not shown) one gets very similar patterns west of the CS, suggesting that the NAO plays an important role for the variability of precipitation along the southern CS coast. We regard the high correlations (>0.5) in the tropical Pacific area together with correlations of opposite sign over the maritime continent, which is the signal of the Southern Oscillation, as more important and it agrees with the correlations in Table 5 .
In Figure 12 (b), a similar teleconnection map is shown as in Figure 12 (a) but using the 500 hPa height fields instead of the MSLP. A wave train from the Atlantic via Scandinavia to Iran is clearly indicated, which is associated with the Omega pattern mentioned in the introduction (a Scandinavian high is occurring together with troughs over Iberia and the Middle East). The Scandinavian-Middle East part is also reflecting the NCP connection, which can be regarded as part of the Omega pattern. Moreover the NAO pattern can be seen at this level and bears many similarities with teleconnection maps between the NAO and the 500hPa height fields. The connection with ENSO is however hardly indicated at this level.
For T2m (Figure 12(c) ), a signal like the one from the Southern Oscillation, though shifted further to the central Pacific (therefore only low correlation values in Table 6 ) can be found. The NAO signal is very clear with values up to 0.45, confirming the correlations between NAO and T2m in Table 6 . The high negative correlation around the Ukraine is part of the NAO, which can be seen by a teleconnection map between the NAO and the MSLP (not shown). It means that T2m at the southern CS is high when the MSLP is low west of it, implying southerly winds over Iran which can be assumed to carry hot air.
The correlations between T2m at our study area and the 500 hPa height field (Figure 12(d) ) show again the NAO signal over the Atlantic exceeding 0.5, and it shows the signal from the Omega pattern over Europe. The latter means that T2m is low when the 500hPa field is high over Scandinavia and low over northern Africa/Middle East, implying a weakened subtropical jet. The strongest signal occurs east of the CS. High 500 hPa height field values there mean mostly low MSLP values west of it, which can be found in Figure 12 (d) which imply southerly winds from Iran to the CS.
The correlations between T2m at the CS southern coast and T2m at all grid points (Figure 12(e) ) gives of course the highest values >0.9 at the target area. Values >0.5 reach far to the north, east and west. It means that when it gets hot (cold) over the southern CS, it gets hot (cold) over a very large area, confirming connections like that with the snow cover over Russia shown above. It is connected with a large-scale trough-ridge pattern between Scandinavia and east of the CS as shown in Figure 12 (d). The high negative correlations between T2m at the CS coast and the most northern Atlantic (−0.5) are probably due to the low over Scandinavia with high T2m at the CS (Figure 12 (c) and (d)), which implies north-easterlies over the northern Atlantic carrying cold Arctic air to the south.
Above, a clear connection between T2m at the study area and NAO is found with correlation coefficients about 0.46 (Table 6 ), while for precipitation that connection is much weaker. From Figure 7 , it can be seen that the connection between T2m and NAO is not only present in the higher frequencies, but also the long-term changes around 1970 and 1990 in T2m are clearly indicated also in the NAO time series. This agrees with slightly lower correlations when using the tendency in Table 6 .
A relationship of precipitation to ENSO, together with a connection of T2m with NAO, is unexpected as we assume that the precipitation and T2m are somehow correlated with high temperatures occurring together with low precipitation and vice versa, as found for 2010 and 1969. Mokhov and Smirnov (2006) found a relationship between ENSO and NAO with ENSO leading by 2 years. Indeed by correlating ENSO and NAO with our data and applying a 2-year time-shift, the tendency correlation coefficients increase from 0.06 to 0.32. This relationship might explain our unexpected results, but it did not improve the correlation between T2m and ENSO when 120°W  150°W  180  150°E  120°E  90°E  60°E  30°E  30°W  60°W  0   120°W  150°W  180  150°E  120°E  90°E  60°E  30°E  30°W  60°W using a time-shift of 2 years. However, we found also for T2m a signal in the MSLP over the tropical Pacific (Figure 12 (c)) with opposite signs with a slight shift to the west to the one for precipitation (Figure 12(a) ) but for a real ENSO signal the dipole between the eastern tropical Pacific and the maritime continent is missing in Figure 12 (c). A strong agreement between the water budget residuals and variations in climatological values implies that the CSL oscillations in the monthly to centennial time scale are essentially controlled by climate-related factors that have a strong connection with ENSO (Arpe et al., 2000; Ozyavas et al., 2010) . Also in this study the connection between precipitation, a main component of the CS water budget, and ENSO becomes clear.
Conclusions
In this study, we have analysed climatic data from five synoptic stations in one of the regions with the highest precipitation levels of SW Asia. We identified some irregularities in the time series: (1) a drop in precipitation of 10% around 1990 at Anzali, which is not followed by the other stations; (2) B, 2007) . Also in the T2m data of the ECMWF interim reanalyses, two problems were identified: due to the strong orographic variations in the area, necessary interpolations and extrapolations lead to some biases in T2m, and inadequate knowledge of the SST of the CS before 1988 create some unrealistic T2m variabilities. We have contacted the data producers providing them with our findings for their information and possible corrections. The main finding is that the T2m shows three distinct periods: 1956 to 1975 with values near to the overall mean; 1977 to 1995 with values 0.5 ∘ C lower and from 1996 to 2010 with values 0.5 ∘ C higher than the overall mean. All four stations agree with these changes, exactly for 1995, and with variations around 1975. So what was special in these three periods? The T2m increase in 1995 is accompanied with an increase of the SST of the southern CS. This suggests that the CS SST is the driving force of T2m along the southwestern shores of the CS, which is reasonable because of the prevailing onshore surface winds. The T2m has a strong upward trend for the period 1977 to 2010. That trend becomes much weaker when including the data from 1956 onwards but still remains still stronger (around 0.9 ∘ C in 55 years) than the global T2m trend (0.8 ∘ C for the same time period). We found strong inter-decadal variabilities, which stresses the need for very long time series to identify real trends in data and explains differences in trends reported by different authors. The similarity in the changes at all stations suggests that the differences before and after 1995 are due to atmospheric variability and not due to changes in the observational method. The years 1977 and 1995 coincide with the turning dates of the CSL -changes that have been shown previously to be related to ENSO and Volga River discharge variability. In 1995, the CSL reached its peak. Before that year the Volga had excessive precipitation and after that reduced precipitation (Arpe et al., 2000 . The direct connection between T2m and ENSO is weak. Teleconnection maps show also a strong signal in the SST over the tropical Pacific but not over the eastern part, which would show the ENSO signal but more over the central Pacific. T2m has however a strong relationship with NAO.
Trends in precipitation are less coherent than those of temperature, Anzali showing the strongest downward trend followed by Ramsar and Rasht and with a slight upward trend at Lahijan. Bearing in mind that the drop in precipitation at Anzali around 1990 looks suspicious, we see a 5-10% drop over 55 years as a realistic value, which is only a third of what the GPCC data suggest for the grid point covering Anzali. The strong reduction of observational data during the earlier period may have contributed to this trend in GPCC. In general, precipitation has an upward trend in areas with abundant precipitation like our area and a downward trend in areas with low precipitation (Arpe and Leroy, 2007) . Our study area does not follow that pattern. The time series of precipitation displays a much stronger connection with ENSO than does the temperature. This may be the same relationship as the CSL-ENSO relation. The connection between the precipitation and NAO variability is of opposite sign of that of T2m and much weaker.
Uncertainties in time series of single stations and large inter-annual variabilities can lead to contradictory results when calculating trends or correlations.
